I. Introduction
Numerical reservoir simulation is very important for modern reservoir management. Traditional reservoir simulators numerically solve a set of governing partial differential equations. This entails solving a set of nonlinear algebraic equations by using iteration. These numerical solutions can be quite time consuming, however, because the reservoir simulation models arising from real fields may consist of hundreds of thousands or millions of grid blocks and the number of equations that must be solved can be very large [1] . Therefore, in the case of ensuring the sufficient accuracy of numerical solution, how to greatly accelerate the reservoir simulation speed is the urgent problem to be solved.
Model order reduction (MOR) is the transformation of high-dimensional models into meaningful representations of reduced dimensionality. It has shown promise in alleviating computational demands with minimal loss of accuracy [2] . The proper orthogonal decomposition method (POD) is the most widely used in nonlinear system model reduction method. For now, POD is also widely applied to reservoir simulation [3] [4] [5] . Although the POD method can be applied to the nonlinear reservoir simulation system, the acceleration is limited, because in the simulation process, each iteration step requires the construction and projection of the full order Jacobian matrix. At present, the trajectory piecewise-linear (TPWL) [6] reduced order method is be widely used in nonlinear system. The nonlinear system is represented as a weighted combined piecewise linear system. In this paper, the TPWL model reduction method is applied to reservoir simulator, and then reducing order of each linear model using POD method. This method is called POD-TPWL. It can greatly reduce the dimension of reservoir model, so as to reduce the calculation time and improve the operation speed.
II. Reservoir Model
In this paper, the mathematical model of reservoir model is transformed into the state space equation by means of space discrete in order to explain the reduction process of TPWL method. Two dimensional oil-water two phase reservoir model is used. It is assumed that oil and water do not exchange material, the process is isothermal, the fluid is compressible, and the mass conservation equation and Darcy's law can be used to obtain [7] We consider the relatively simple cases and ignore gravity and capillary force. Format to discrete in space by using five point block centered finite difference, we may have the nonlinear first-order differential equation (4) 
III. POD-TPWL Reduced Order Method
In order to construct a POD basis vector, the first we need to run a full order reservoir simulator (also known as the training process), and to preserve the state vector x of each time step (also called the snapshot, 
Assuming that the number of grids in the reservoir model is N , then each vector 
IV. Example Verification
The numerical example is that a two-dimensional oil-water two phase anisotropic reservoir is described. Its grid is divided into 22 * 22, and the distribution of permeability and porosity is shown in Figure 1, 2 We use anti five point method well pattern to produce. Center has a water injection well, and four corners have four production wells. We ignore gravity and capillary force. Fig.2 Porosity distribution of reservoir model The numerical example is simulated by a fully implicit processing. It is divided into training and forecasting two processes:
Fig.1 Permeability distribution of reservoir model

(1) Training process
The bottom hole pressure of production well is 26.5MPa, the bottom hole flow of injection well is 0. The above results indicate that in the training process, oil production and water production of four production wells of reduce order and full order simulator are almost identicall, but the simulation time is increased nearly 10 times, the running time of the full order simulator is 35.866s, and the running time of reduction simulator is 3.612s.
(2) Forecasting process At this time, the bottom hole pressure of production wells is changed to 25.5MPa, and the flow rate at the bottom of the injection well remains unchanged. The comparison between the full order simulator and the reduced order simulator is shown in figure 5, 6. In the forecasting process, the results show that when the production schedule of forecasting process and training process are different, oil production and water production of four production wells of reduce order and full order simulator are also almost identicall. The full order simulator runs for 35.446s, and the running time of the reduced order simulator is 3.601s.
V. Conclusion
1) The application of POD-TPWL model reduced order method to reservoir simulator can greatly reduce the dimension of reservoir model, and improve the operation speed of the simulator by nearly 9 times. 2) When the production schedule of the training and forecasting process is different, oil production and water production of four production wells of reduce order and full order simulator are also almost identicall.
3) The improvement of the operation speed of the reservoir simulator provides an important solution for the practical application of the reservoir production optimization and history matching.
